A method has been recently proposed for determining the value of the surface tension of a solid in the absence of adsorption, γ S0 , using material properties determined from vapor adsorption experiments. If valid, the value obtained for γ S0 must be independent of the vapor used. We apply the proposed method to determine the value of γ S0 for four solids using at least two vapors for each solid and find results that support the proposed method for determining γ
S0
.
The surface tension of a solid in the absence of adsorption, γ S0 , is of central importance in characterizing a solid; however, previously proposed methods for determining its value have led to controversy and a lack of experimental support. [1] [2] [3] [4] Recently, a new method was proposed 5 that only requires a suitable adsorption isotherm for the solid-vapor interface to be added to Gibbsian thermodynamics to determine the expression for γ S0 in terms of the isotherm parameters and the surface tension of the adsorbing fluid. For an isotherm to be suitable, it must indicate a finite amount is adsorbed in the limit of the vaporphase pressure, P V , approaching the saturation vapor pressure, P s ; 6 thus, neither the BET 7 nor FHH isotherm 8-10 may be used in the proposed method since both indicate that an infinite amount is adsorbed in this limit. The isotherm 5 is one that can be used, and it can be examined experimentally before it is applied to determine γ S0 . Using the isotherm with Gibbsian thermodynamics leads to an expression for the surface tension of the solid-vapor interface, γ SV , that has the ratio of the vaporphase pressure to the saturation vapor pressure, x V , as its independent variable. Then, the expression for γ S0 is obtained by taking the limit of the expression for γ SV as x V goes to zero. Explicitly, the expression obtained for γ S0 is 5 where γ LV is the liquid-vapor surface tension of the adsorbing fluid, k b is the Boltzmann constant, and the three temperaturedependent-isotherm parameters are denoted as R, c, and M.
This equation could be interpreted as indicating that γ S0 depends on the values of the adsorption parameters and γ LV . However, γ S0 is a material property of a solid, and its value cannot depend on the vapor used to determine its value. Thus, two possibilities arise. When γ S0 is determined for a solid surface using adsorption measurements made with different vapors, its value will be found to depend on the vapor used. This would mean the method proposed for determining γ SV by Ward and Wu 5 is incorrect in some fundamental sense. The other possibility is that γ S0 is found to be the same for all vapors, supporting the proposed approach and indicating that for a particular solid surface at a given temperature, a relation exists between γ LV and the adsorption-isotherm parameters. Using adsorption data from the literature, we examine these possibilities for four solids using at least two vapors in each case to determine the value of γ S0 . The value of γ S0 for each solid is found to be independent of the vapor used. Thus, we find results that support the second possibility.
The isotherm was obtained by approximating the adsorbed vapor as a collection of molecular clusters with at most one cluster adsorbed at one of the M adsorption sites. Each adsorbed cluster was approximated as a quantum-mechanical-harmonic oscillator with a binding energy that depended on the number of molecules in the cluster. The maximum number of molecules that could be in a cluster was denoted as . Using a canonical ensemble, the amount adsorbed at a solid-vapor interface, n SV , was expressed as 5 A comparison between the measured amount adsorbed and that calculated is assessed using the parameter ∆( ) which, for a given value of , is a measure of the mean-square difference between the measured amount adsorbed and that calculated where n mes SV (x j V ) is the amount measured at x j V and n cal SV ( ,x j V ) is the amount calculated. The number of measurements is denoted as N m . For a given set of adsorption measurements, the * To whom correspondence should be addressed. E-mail: charles.ward@utoronto.ca.
parameter is treated as a threshold parameter. If it is taken to be smaller than the threshold value and the isotherm parameters determined from the nonlinear regression package available in Mathematica, the value of the error, ∆( ), is larger than that when is the threshold value. If is taken to be larger than the threshold value, the error in the calculations does not decrease further.
5
The measured amount of Ar adsorbing at 77 K on R-alumina that was reported by Matejova et al.
11 is shown as solid dots in Figure 1 . The amount of N 2 adsorbing on R-alumina at 77 K has been reported by two laboratories.
11,12 These measurements are shown in Figures 2 and 3 . The solid lines in these three figures were calculated using eq 2, the value of , and the mean values of the isotherm parameters that are listed in Table 1 . The mean-square difference between the calculations and the measurements, ∆( ), for Ar and N 2 adsorbing on R-alumina was 0.2 and 0.8%, respectively. Note that for the measurements from two independent laboratories, there is no measurable difference between the inferred values of the isotherm parameters. We treat these parameters and listed in Table 1 as material properties.
When the solid surface is exposed to a vapor phase, the expression for γ SV (x V ) obtained by Ward and Wu 5 is
Note that the value of γ SV (x V ) depends on the value of x w V , the relative vapor-phase pressure at wetting. The contact angle formed when a liquid and its vapor are held in a cylinder has been shown to depend on the pressure at the three-phase line. 6, 14, 15 To estimate the value of x w V , we consider liquid N 2 or liquid Ar at 77 K held in a cylinder that has a radius of 0.3 mm, which is exposed to normal gravity, g, and forms a contact angle of zero. If the molecular weight of the fluid is denoted W and the specific volume of the liquid at saturation as V f , then the Bond number (≡Wgr cy 2 /(V f γ LV )) is 0.085 or less. Thus, the liquid-vapor interface may be approximated as spherical. 16 The conditions for equilibrium at the liquid-vapor interface in the cylinder require the equality of the chemical potentials in the liquid and vapor phases and the validity of the Laplace equation. If the liquid is approximated as incompressible and the vapor as an ideal gas, then 15 This equation may be solved iteratively to determine x w V . For Ar and N 2 , one finds that x w V deviates from unity by less than 10 -5 . If cylinders larger that 0.3 mm were considered, the deviation from unity would be even smaller.
5 Thus, we approximate x w V as unity. Then, eq 4 simplifies to
The value of γ SV may now be calculated as a function of x V using eq 6 and the values of the isotherm parameters listed in Table 1 . If the limit is taken of eq 6 as x V goes to zero, one obtains eq 1. We emphasize that the values of the adsorption parameters were determined strictly from the adsorption measurements. Thus, the calculated value of γ S0 for each vapor may be viewed as a prediction. For Ar and N 2 adsorbing on R-alumina, the results are shown in Figure 4 . This figure includes results obtained from two independent studies of N 2 adsorption on R-alumina. In each case, the different vapors indicate the same value of γ S0 . In Table 1 , note that the adsorption of Ar and N 2 on titania, magnesia, and borosilicate glass indicate the same value of γ S0 . The range of pressures where the contact angle can exist is indicated in Figure 4 by the almost-vertical line near x V equal unity. The values of γ SV as a function of x V in this range of Figure 1 . The measured amount of argon adsorbed on R-alumina at 77 K is shown as solid dots. 11 The solid line was calculated using eq 2 and the values of the adsorption parameters listed in Table 1 . 11 The solid line was calculated using eq 2 and the values of the adsorption parameters listed in Table 1 . Figure 3 . The measured amount of nitrogen adsorbed on R-alumina at 77 K is shown as solid dots. 12 The solid line was calculated using eq 2 and the values of the adsorption parameters listed in Table 1 .
Letterspressures are indicated to be essentially constant; thus, the contact angle for this range of pressures is predicted to depend only on the value of γ SL , and this surface tension is controlled by the adsorption at the solid-liquid interface. 5, 15, 17 (1) Vogler, E. A. AdV. Colloid Interface Sci. 1998, 74, 69-117 . (2) Figure 4 . The calculated values of γ SV are shown for R-alumina exposed to Ar and to N 2 at 77 K. The results shown for N 2 are based on adsorption measurements made in two independent laboratories. 11, 12 Note that all three studies indicate the same value of γ S0 for R-alumina at 77 K.
